1 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(H) EP1 308 284 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.05.2003 Bulletin 2003/19 

(21) Application number 02257311.7 

(22) Date of filing: 22.10.2002 



(51) Int CI7: B41 J 2/14, B41J 2/16, 
B41J2/145 



(84) Designated Contracting States: 


• Childers, Winthrop D. 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


San Diego, CA 92127 (US) 


IE IT LI LU NIC NL PT SE SK TR 


• Holstun, Clayton L 


Designated Extension States: 


San Marcos, CA 92069 (US) 


AL LT LV MK RO SI 


• White, Lawrence H. 




Corvallis, OR 97330 (US) 


(30) Priority: 31.10.2001 US 999354 


• Giere, Matthew D. 




San Diego, CA 92129 (US) 


(71) Applicant: Hewlett-Packard Company 


• Davis, Colin C. 


Palo Alto, CA 94304 (US) 


Corvallis, OR 97330 (US) 


(72) Inventors: 


(74) Representative: Jackson, Richard Eric et al 


• Feinn, James A. 


Carpmaels & Ransford, 


San Diego, CA 92127 (US) 


43 Bloomsbury Square 




London WC1A2RA(GB) 



CM 
< 

00 
CM 

00 

o 

00 



111 



(54) Inkjet printhead assembly having very high nozzle packing density 



(57) An inkjet printhead (40/140/240/340/440/540) 
assembly includes a substrate (42/142/242/542) having 
an ink feed slot (43/1 43/243/343/443/543) formed there- 
in including a first side and second side along a vertical 
length of the ink feed slot. A first column of drop gener- 
ators (254a) is formed along the first side of the ink feed 
slot. A second column of drop generators (254b) is 
formed along the second side of the ink feed slot. Each 
drop generator (41/141/341/441/541) includes a nozzle 
(1 3/1 1 3/21 3/313/41 3/51 3). A nozzle packing density for 
nozzles in the first and second columns of drop gener- 
ators including the area of the ink feed slot is at least 
approximately 1 00 nozzles per square millimeter (mm 2 ). 
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Description 

The Field of the Invention 

[0001] The present invention relates generally to 
inkjet printheads, and more particularly to inkjet print- 
heads having very high nozzle packing densities. 

Background of the Invention 

[0002] A conventional inkjet printing system includes 
a printhead, an ink supply which supplies liquid ink to 
the printhead, and an electronic controller which con- 
trols the printhead. The printhead ejects ink drops 
through a plurality of orifices or nozzles and toward a 
print medium, such as a sheet of paper, so as to print 
onto the print medium. Typically, the orifices are ar- 
ranged in one or more arrays such that properly se- 
quenced ejection of ink from the orifices causes char- 
acters or other images to be printed upon the print me- 
dium as the printhead and the print medium are moved 
relative to each other. 

[0003] Typically, the printhead ejects the ink drops 
through the nozzles by rapidly heating a small volume 
of ink located in vaporization chambers with small elec- 
tric heaters, such as thin film resisters. Heating the ink 
causes the ink to vaporize and be ejected from the noz- 
zles. Typically, for one dot of ink, a remote printhead 
controller typically located as part of the processing 
electronics of a printer, controls activation of an electri- 
cal current from a power supply external to the print- 
head. The electrical current is passed through a select- 
ed thin film resister to heat the ink in a corresponding 
selected vaporization chamber. The thin film resistors 
are herein also referred to as firing resistors. A drop gen- 
erator is herein referred to include a nozzle, a vaporiza- 
tion chamber, and a firing resistor. 
[0004] The number of nozzles disposed in a given ar- 
ea of the printhead die is referred to as nozzle packing 
density. Current inkjet printhead technology has allowed 
the nozzle packing density to reach approximately 20 
nozzles per square millimeter (mm 2 ). Nevertheless, 
there is a desire for much higher nozzle packing densi- 
ties to accommodate high printing resolutions and ena- 
ble increased number of drop generators per printhead 
to also thereby improve printhead drop generation rate. 
[0005] For reasons stated above and for other rea- 
sons presented in greater detail in the Description of the 
Preferred Embodiments section of the present specifi- 
cation, an inkjet printhead is desired which has a very 
high nozzle packing density to permit a very high 
number of drop generators on the inkjet printhead. 

Summary of the Invention 

[0006] One aspect of the present invention provides 
an inkjet printhead including a substrate having an ink 
feed slot formed in the substrate. The ink feed slot has 



a first side and second side along a vertical length of the 
ink feed slot. A first column of drop generators is formed 
along the first side of the ink feed slot. A second column 
of drop generators is formed along the second side of 

5 the ink feed slot. Each drop generator in the first and 
second columns of drop generators includes a nozzle. 
A nozzle packing density for nozzles in the first and sec- 
ond columns of drop generators including the area of 
the ink feed slot is at least approximately 100 nozzles 

10 per square millimeter (mm 2 ). 

Brief Description of the Drawings 
[0007] 

15 

Figure 1 is a block diagram illustrating one embod- 
iment of an inkjet printing system. 
Figure 2 is an enlarged schematic cross-sectional 
view illustrating portions of one embodiment of a 

20 printhead die. 

Figure 3 is a block diagram illustrating portions of 
one embodiment of an inkjet printhead having firing 
resistors grouped together into primitives. 
Figure 4 is a cross -sectional perspective view of 

25 one embodiment of portions of a printhead die. 

Figure 5 is a cross-sectional perspective underside 
view of one embodiment of the printhead die of Fig- 
ure 5. 

Figure 6 is a diag ramie view of a printhead die noz- 
30 zle and primitive layout for a printhead with a very 
high nozzle packing density. 
Figure 7 is a simplified schematic top view of a por- 
tion of one embodiment of a printhead. 
Figure 8 is a simplified schematic top view of a por- 
35 tion of one embodiment of a printhead. 

Figure 9 is an enlarged top schematic view of a por- 
tion of one embodiment a printhead. 
Figure 10 is an enlarged schematic cross-sectional 
view of the printhead of Figure 9 taken along lines 

40 10-10. 

Figure 11 is an enlarged underside schematic view 
of the printhead of Figures 9 and 10. 

Description of the Preferred Embodiments 

45 

[0008] In the following detailed description of the pre- 
ferred embodiments, reference is made to the accom- 
panying drawings which form a part hereof, and in which 
is shown by way of illustration specific embodiments in 

so which the invention may be practiced. In this regard, di- 
rectional terminology, such as "top," "bottom," "front," 
"back," "leading," "trailing," etc., is used with reference 
to the orientation of the Figure(s) being described. The 
inkjet printhead assembly and related components of 

55 the present invention can be positioned in a number of 
different orientations. As such, the directional terminol- 
ogy is used for purposes of illustration and is in no way 
limiting. It is to be understood that other embodiments 
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may be utilized and structural or logical changes may 
be made without departing from the scope of the present 
invention. The following detailed description, therefore, 
is not to be taken in a limiting sense, and the scope of 
the present invention is defined by the appended claims. 
[0009] Figure 1 illustrates one embodiment of an 
inkjet printing system 10. Inkjet printing system 10 in- 
cludes an inkjet printhead assembly 12, an ink supply 
assembly 14, a mounting assembly 16, a media trans- 
port assembly 18, and an electronic controller 20. At 
least one power supply 22 provides power to the various 
electrical components of inkjet printing system 1 0. Inkjet 
printhead assembly 12 includes at least one printhead 
or printhead die 40 which ejects drops of ink through a 
plurality of orifices or nozzles 1 3 and toward a print me- 
dium 19 so as to print onto print medium 19. Print me- 
dium 19 is any type of suitable sheet material, such as 
paper, card stock, transparencies, Mylar, and the like. 
Typically, nozzles 13 are arranged in one or more col- 
umns or arrays such that properly sequenced ejection 
of ink from nozzles 1 3 causes characters, symbols, and/ 
or other graphics or images to be printed upon print me- 
dium 1 9 as inkjet printhead assembly 12 and print me- 
dium 19 are moved relative to each other. 
[0010] Ink supply assembly 14 supplies ink to print- 
head assembly 12 and includes a reservoir 15 for storing 
ink. As such, ink flows from reservoir 15 to inkjet print- 
head assembly 12. Ink supply assembly 14 and inkjet 
printhead assembly 12 can form either a one-way ink 
delivery system or a recirculating ink delivery system. In 
a one-way ink delivery system, substantially all of the 
ink supplied to inkjet printhead assembly 12 is con- 
sumed during printing. In a recirculating ink delivery sys- 
tem, however, only a portion of the ink supplied to print- 
head assembly 1 2 is consumed during printing. As such, 
ink not consumed during printing is returned to ink sup- 
ply assembly 14. 

[0011] In one embodiment, inkjet printhead assembly 
12 and ink supply assembly 14 are housed together in 
an inkjet cartridge or pen. In another embodiment, ink 
supply assembly 1 4 is separate from inkjet printhead as- 
sembly 12 and supplies ink to inkjet printhead assembly 
12 through an interface connection, such as a supply 
tube. In either embodiment, reservoir 15 of ink supply 
assembly 14 may be removed, replaced, and/or refilled. 
In one embodiment, where inkjet printhead assembly 12 
and ink supply assembly 14 are housed together in an 
inkjet cartridge, reservoir 15 includes a local reservoir 
located within the cartridge as well as a larger reservoir 
located separately from the cartridge. As such, the sep- 
arate, larger reservoir serves to refill the local reservoir. 
Accordingly, the separate, larger reservoir and/or the lo- 
cal reservoir may be removed, replaced, and/or refilled. 
[0012] Mounting assembly 16 positions inkjet print- 
head assembly 12 relative to media transport assembly 
1 8 and media transport assembly 1 8 positions print me- 
dium 19 relative to inkjet printhead assembly 12. Thus, 
a print zone 17 is defined adjacent to nozzles 13 in an 



area between inkjet printhead assembly 12 and print 
medium 19. In one embodiment, inkjet printhead as- 
sembly 12 is a scanning type printhead assembly. As 
such, mounting assembly 16 includes a carriage for 

5 moving inkjet printhead assembly 12 relative to media 
transport assembly 18 to scan print medium 19. In an- 
other embodiment, inkjet printhead assembly 12 is a 
non-scanning type printhead assembly. As such, 
mounting assembly 16 fixes inkjet printhead assembly 

10 12 at a prescribed position relative to media transport 
assembly 18. Thus, media transport assembly 18 posi- 
tions print medium 19 relative to inkjet printhead assem- 
bly 12. 

[0013] Electronic controller or printer controller 20 
is typically includes a processor, firmware, and other print- 
er electronics for communicating with and controlling 
inkjet printhead assembly 12, mounting assembly 16, 
and media transport assembly 18. Electronic controller 
20 receives data 21 from a host system, such as a com- 
puter, and includes memory for temporarily storing data 
21 . Typically, data 21 is sent to inkjet printing system 1 0 
along an electronic, infrared, optical, or other informa- 
tion transfer path. Data 21 represents, for example, a 
document and/or file to be printed. As such, data 21 
forms a print job for inkjet printing system 10 and in- 
cludes one or more print job commands and/or com- 
mand parameters. 

[0014] In one embodiment, electronic controller 20 
controls inkjet printhead assembly 12 for ejection of ink 
drops from nozzles 13. As such, electronic controller 20 
defines a pattern of ejected ink drops which form char- 
acters, symbols, and/or other graphics or images on 
print medium 1 9. The pattern of ejected ink drops is de- 
termined by the print job commands and/or command 
parameters. 

[001 5] In one embodiment, inkjet printhead assembly 
12 includes one printhead 40. In another embodiment, 
inkjet printhead assembly 12 is a wide-array or multi- 
head printhead assembly. In one wide-array embodi- 
ment, inkjet printhead assembly 12 includes a carrier, 
which carries printhead dies 40, provides electrical com- 
munication between printhead dies 40 and electronic 
controller 20, and provides fluidic communication be- 
tween printhead dies 40 and ink supply assembly 14. 
[001 6] A portion of one embodiment of a printhead d ie 
40 is illustrated schematically in Figure 2. Printhead die 
40 includes an array of printing or drop ejecting ele- 
ments (i.e., drop generators) 41. Printing elements 41 
are formed on a substrate 42 which has an ink feed slot 
43 formed therein. As such, ink feed slot 43 provides a 
supply of liquid ink to printing elements41 . Each printing 
element 41 includes a thin-film structure 44, an orifice 
layer 45, and a firing resistor 48. Thin-film structure 44 
has an ink feed channel 46 formed therein which com- 
municates with ink feed slot 43 formed in substrate 42. 
Orifice layer 45 has a front face 45a and a nozzle open- 
ing 1 3 formed in front face 45a. Orifice layer 45 also has 
a nozzle chamber or vaporization chamber 47 formed 
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therein which communicates with nozzle opening 13 
and ink feed channel 46 of thin-film structure 44. Firing 
resistor 48 is positioned within nozzle chamber 47. 
Leads 49 electrically couple firing resistor 48 to circuitry 
controlling the application of electrical current through 
selected firing resistors. 

[001 7] During printing, ink flows from ink feed slot 43 
to nozzle chamber 47 via ink feed channel 46. Nozzle 
opening 13 is operatively associated with firing resistor 
48 such that droplets of ink within nozzle chamber 47 
are ejected through nozzle opening 13 (e.g., normal to 
the plane of firing resistor 48) and toward a print medium 
upon energization of firing resistor 48. 
[001 8] Example embodiments of printhead dies 40 in- 
clude a thermal printhead, a piezoelectric printhead, a 
f lex-tension al printhead, or any other type of Inkjet ejec- 
tion device known in the art. In one embodiment, print- 
head dies 40 are fully integrated thermal inkjet print- 
heads. As such, substrate 42 is formed, for example, of 
silicon, glass, or a stable polymer and thin-film structure 
44 is formed by one or more passivation or insulation 
layers of silicon dioxide, silicon carbide, silicon nitride, 
tantalum, poly-silicon glass, or other suitable material. 
Thin-film structure 44 also includes a conductive layer 
which defines firing resistor 48 and leads 49. The con- 
ductive layer is formed, for example, by aluminum, gold, 
tantalum, tantalum-aluminum, or other metal or metal 
alloy. 

[001 9] En one embodiment, orifice layer 45 is fabricat- 
ed using a spun-on epoxy referred to as SU8, marketed 
by Micor-Chem, Newton, MA. Exemplary techniques for 
fabricating orifice layer 45 with SU8 or other polymers 
are described in detail in U.S. Patent No. 6, 162, 589, 
which is herein incorporated by reference. In one em- 
bodiment, orifice layer 45 is formed of two separate lay- 
ers referred to as a barrier layer (e.g., a dry film photo 
resist barrier layer) and a metal orifice layer (e.g., a nick- 
el/gold orifice plate) formed on an outer surface of the 
barrier layer. 

[0020] Printhead assembly 1 2 can include any suita- 
ble number (P) of printheads 40, where P is at least one. 
Before a print operation can be performed, data must 
be sent to printhead40. Data includes, for example, print 
data and non-print data for printhead 40. Print data in- 
cludes, for example, nozzle data containing pixel infor- 
mation, such as bitmap print data. Non-print data in- 
cludes, for example, command/status (CS) data, clock 
data, and/or synchronization data. Status data of CS da- 
ta includes, for example, printhead temperature or po- 
sition, printhead resolution, and/or error notification. 
[0021 ] One embodiment of printhead 40 is illustrated 
generally in block diagram form in Figure 3. Printhead 
40 includes multiple firing resistors 48 which are 
grouped together into primitives 50. As illustrated in Fig- 
ure 3, printhead 40 includes N primitives 50. The 
number of firing resistors 48 grouped in a given primitive 
can vary from primitive to primitive or can be the same 
for each primitive in printhead 40. Each firing resistor 48 



6 

has an associated switching device 52, such as a field 
effect transistor (FET). A single power lead provides 
power to the source or drain of each FET 52 for each 
resistor in each primitive 50. Each FET 52 in a primitive 

5 50 is controlled with a separately energizable address 
lead coupled to the gate of the FET 52. Each address 
lead is shared by multiple primitives 50. The address 
leads are controlled so that only one FET 52 is switched 
on at a given time so that only a single firing resistor 48 

io has electrical current passed through it to heat the ink 
in a corresponding selected vaporization chamber at the 
given time. 

[0022] In the embodiment illustrated in Figure 3, prim- 
itives 50 are arranged in printhead 40 in two columns of 

is N/2 primitives per column. Other embodiments of print- 
head 40, however, have primitives arranged in many 
other suitable arrangements. An example primitive ar- 
rangement which permits a very high nozzle packing 
density is described below with reference to Figure 6. 

20 [0023] A portion of one embodiment of a printhead die 
140 is illustrated in a cross-sectional perspective view 
in Figure 4. Printhead die 140 includes an array of drop 
ejection elements or drop generators 141 . Drop gener- 
ators 141 are formed on a substrate 142 which has an 

25 ink feed slot 143 formed therein. Ink feed slot 143 pro- 
vides a supply of ink to drop generators 141 . Printhead 
die 140 includes a thin-film structure 144 on top of sub- 
strate 142. Printhead die 140 includes an orifice layer 
145 on top of thin-film structure 144. 

30 [0024] Each drop generator 141 includes a nozzle 
113, a vaporization chamber 147, and a firing resistor 
1 48. Thin-film structure 1 44 has an ink feed channel 1 46 
formed therein which communicates with ink feed slot 
143 formed in substrate 142. Orifice layer 145 has noz- 

35 zles 113 formed therein. Orifice layer 145 also has va- 
porization chamber 147 formed therein which commu- 
nicates with nozzles 113 and ink feed channel 146 
formed in thin-film structure 144. Firing resistor 148 is 
positioned within vaporization chamber 147. Leads 149 

^0 electrically couple firing resistor 1 48 to circuitry control- 
ling the application of electrical current through selected 
firing resistors. 

[0025] During printing, ink 30 flows from ink feed slot 
143 to nozzle chamber 147 via ink feed channel 146. 
45 Each nozzle 1 1 3 is operatively associated with a corre- 
sponding firing resistor 148, such that droplets of ink 
within vaporization chamber 1 47 are ejected through the 
selected nozzle 1 1 3 (e.g., normal to the plane of the cor- 
responding firing resistor 148) and toward a print medi- 
ae urn upon energization of the selected firing resistor 148. 
[0026] An example printhead 1 40 typically includes a 
large number of drop generators 141 (e.g., 400 or more 
drop generators). One example embodiment of print- 
head 140 has very high nozzle packing density which 
55 enables printhead 140 to eject ink drops at a very high 
drop rate generation. For example, one example em- 
bodiment of printhead 1 40 is approximately inch long 
and contains four offset columns of nozzles, each col- 
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umn containing 304 nozzles for a total of 1 ,21 6 nozzles 
per printhead 140. In another example embodiment, 
each printhead 140 is approximately one inch long and 
contains four offset columns of nozzles 113, each col- 
umn containing 528 nozzles for a total of 2,112 nozzles 
per printhead. In both of these example embodiments, 
the nozzles 113 in each column have a pitch of 600 dots 
per inch (dpi), and the columns are staggered to provide 
a printing resolution, using all four columns, of 2400 dpi. 
These embodiments of printhead 1 40 can print at a sin- 
gle pass resolution of 2400 dpi along the direction of the 
nozzle columns or print at a greater resolution in multiple 
passes. Greater resolutions may also be printed along 
the scan direction of the printhead 140. 
[0027] Thin-film structure 144 is also herein referred 
to as a thin-film membrane 1 44. In one example embod- 
iment, containing four offset columns of nozzles, two 
columns are formed on one thin-film membrane 1 44 and 
two columns are formed on another thin-film membrane 
144. 

[0028] A perspective underside view of printhead 1 40 
is illustrated generally in Figure 5. As illustrated in Figure 
5, a single ink feed slot 1 43 provides access to two col- 
umns of ink feed channels 146. In one embodiment, the 
size of each ink feed channel 146 is smaller than the 
size of a nozzle 1 1 3 so that particles in ink 30 are filtered 
by ink feed channels 146 and do not clog nozzles 113. 
The clogging of an ink feed channel 146 has little effect 
on the refill speed of a vaporization chamber 147, be- 
cause multiple ink feed channels 146 supply ink 30 to 
each vaporization chamber 147. Accordingly, in one em- 
bodiment, there are more ink feed channels 146 than 
ink vaporization chambers 147. 
[0029] Uniform ink feed slot 143 permits nozzles 113 
to be formed relatively close to the ink feed slot. In one 
embodiment illustrated in Figures 4 and 5, ink feed slot 
1 43 is formed in substrate 1 42 by wet etching the silicon 
substrate 142. In another embodiment not illustrated in 
Figures 4 and 5, ink feed slot 1 43 is formed in substrate 
142 by dry etching silicon substrate 142, such a similar 
dry etched embodiment is illustrated in Figures 9-11. 
Wet etching relies on selectivity between silicon crystal 
planes and typically follows a silicon crystal plane at an 
approximately 54 degree angle from the bottom surface 
of silicon substrate 142 to thereby form approximately 
54 degree trench walls in ink feed slot 1 43. By contrast, 
dry etching does not rely on selectivity between silicon 
crystal planes, and therefore, does not follow a particu- 
lar silicon crystal plane which enables substantially 
straight trench walls in ink feed slot 143 to be formed 
with dry etching. In one example embodiment, dry etch- 
ing forms approximately 85 degree trench walls in ink 
feed slot 1 43 from the bottom surface of silicon substrate 
142. 

[0030] Therefore, since dry etching does not rely on 
selectivity between silicon crystal planes, dry etching re- 
quires less area to fabricate ink feed slot 143 which fa- 
cilitates very high nozzle packing density printheads by 



allowing ink feed slots to be placed relatively close to- 
gether and be relatively narrow in width (e.g., 80 microns 
or narrower). In addition, an example wet etch process 
takes approximately 10 hours to form ink feed slot 143 

5 which can substantially degrade the adhesion between 
orifice layer 1 45 and thin-film structure 1 44. By contrast, 
an example dry etching process takes approximately 3 
hours to form ink feed slot 143 which causes substan- 
tially less degradation of the adhesion between orifice 

10 layer 1 45 and thin-film structure 1 44. As a result, yields 
of very high nozzle packing density printheads can be 
improved with dry etching. 

[0031] A typical ink feed slot etch process to form the 
ink feed slot is inherently difficult to control with great 

is precision. Typically, a higher minimum distance across 
the ink feed slot provides more margin in the process to 
improve manufacturability and yield. In addition, the 
thin-film resistors must not be undercut during the etch- 
ing of the ink feed slot to ensure that sufficient silicon 

20 from the substrate is underneath the thin-film resistors 
to ensure that the resistors do not overheat. 
[0032] A portion of one embodiment of a printhead die 
240 is illustrated in diagram form in Figure 6. Printhead 
die 240 includes two thin-film membranes 244a and 

25 244b formed on a single printhead die substrate 242. 
Nozzle columns 254a and 254b are formed on thin-film 
membrane 244a. Nozzle columns 254c and 254d are 
formed on thin-film membrane 244b. Nozzle columns 
254a-254d are offset to enable very high nozzle densi- 

30 ties. In one example embodiment, nozzles columns 
254a-254d are offset in a vertical direction to create a 
nozzle spacing of all nozzles in the four nozzle columns 
of 2400 nozzles per inch (npi). 
[0033] Each nozzle column 254 includes N/4 number 

35 of primitives 250, but Figure 6 illustrates only one prim- 
itive 250 for each column 254 (e.g., nozzle column 254a 
includes primitive 250a, nozzle column 254b includes 
primitive 250b, nozzle column 254c includes primitive 
250c, and nozzle column 254d includes primitive 250d). 

40 Since there are N/4 primitives 250 in each nozzle col- 
umn 254, there are N primitives in printhead die 240. In 
one example embodiment, N is equal to 176 resulting 
in 44 primitives per nozzle column 254, 88 primitives on 
each thin-film membrane 244, and 176 primitives on 

45 printhead die 240. 

[0034] The nozzle address has M address values. 
Each primitive 250 includes M' nozzles 213, wherein M 1 
is at most M and M' can possibly vary from primitive to 
primitive. In the illustrated embodiment, each primitive 

so 250 includes 12 nozzles. Thus, 12 nozzle address val- 
ues are required to address all 1 2 nozzles within a prim- 
itive 250. The nozzle address is cycled through all M 
nozzle address values to control the nozzle firing order 
so that all nozzles can be fired, but only a single nozzle 

55 in a primitive 250 is fired at a given time. 

[0035] The example nozzle layout of example print- 
head die 240 has a total primitive to address ratio of N/ 
M = 1 76/1 2 = approximately 1 4.7. In addition, each noz- 
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zle column 254 contains 44 x 12 nozzles = 528 nozzles 
resulting in 4 x 528 = 2,1 1 2 total nozzles in print head die 
240. In another example embodiment, such as dis- 
closed in the above-incorporated Patent Application en- 
titled "PRINTHEAD WITH HIGH NOZZLE PACKING 
DENSITY," each nozzle column contains 38 primitives 
for a total of 152 primitives, and each primitive contains 
eight nozzles for a total of 304 nozzles in each nozzle 
column and a total of 1,216 nozzles per printhead. In 
this second example embodiment, eight addresses are 
required to address ail nozzles resulting in a primitive to 
address ratio N/M = 152/8 = 19 for the printhead die. 
The very high nozzle packing density achieved with 
these example printhead nozzle layouts enables these 
high primitive to address ratios to enable very high drop 
rate generation. 

[0036J In Figure 6, the printhead die 240 nozzle layout 
is not illustrated to scale, but rather, is illustrative of how 
the four nozzle columns 254 are staggered relative to 
each other and how a skip pattern operates. Other em- 
bodiments of printhead 240 have other suitable num- 
bers of staggered nozzle columns 254 (e.g., 2, 6, 8, 
etc.). Each nozzle column 254 has a width dimension, 
indicated by distance arrows D2, along a horizontal or 
X-axis, which is 1/1 200 inch in an example embodiment. 
The 1 2 nozzles in each primitive are staggered along 
the X-axis. The total amount of stagger within a primitive 
250 is represented by distance arrows D3, which in the 
example embodiment is approximately 19.4 microns or 
micrometers (u.m). The total stagger within a primitive 
250 represented by arrows D3 is measured from the in- 
nermost firing resistor to the outermost firing resistor 
and is also referred to as the total scan axis stagger. For 
example, in primitive 250a the total scan axis stagger is 
measured from firing resistor 4 to firing resistor 32 along 
the X-axis. Along the scan axis, the horizontal resolution 
is determined by carriage speed and firing frequency, 
not physical nozzle location (e.g., 2400 dpi along the 
scan axis could be achieved with a 20 inch per second 
(ips) carriage speed and a firing frequency of 48 Khz.) 
The example 1/1200 inch distance D2 represents an op- 
timization for 1200 dpi printing. 
[0037] Each diagramic cell representing placement of 
nozzles in Figure 6 has a distance, represented by ar- 
rows D1, along a vertical (Y) axis, which is 1/2400 inch 
in an example embodiment. Each diagramic ceil is not 
illustrated to scale along the horizontal (X) axis. The 
nozzles of nozzle column 254a are offset along the Y- 
axis by 1/1200 inch relative to the nozzles of nozzle col- 
umn 254b on thin-film membrane 244a. Similarly, the 
nozzles of nozzle column 254c are offset by 1/1200 inch 
along the Y-axis relative to the nozzles of nozzle column 
254d on thin-film membrane 244b. In addition, the noz- 
zles of nozzle columns 254a and 254b are offset along 
the Y-axis by 1/2400 inch from the nozzles of nozzle col- 
umns 254c and 254d. As a result, the primitive stagger 
pattern in the vertical direction along the Y-axis creates 
a nozzle spacing of all nozzles in the four nozzle col- 
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umns 254a-254d of 2400 npi along the Y-axis. 
[0038] The two thin-film membranes 244a and 244b 
are disposed about a center axis, indicated at 255, of 
substrate 242 of printhead 240. Ink is fed to the drop 
s generators through trenches formed in substrate 242 re- 
ferred to as left ink feed slot 243a and right ink feed slot 
243b. The physical structure of such an ink slot is indi- 
cated at 143 in Figures 4 and 5 and described above. 
The drop generators of nozzle column 254a and 254b 
10 are fed ink by left ink feed slot 243a having a center 
along line 256a. The drop generators of nozzle columns 
254c and 254d are fed ink from right ink feed slot 243b 
having a center along line 256b. A distance, represented 
by arrows D4, is indicated from the center of substrate 
is 242 to the center of each inkfeed slot 243 (i.e., between 
center line 255 and 256a and between center line 255 
and center line 256b). In the example embodiment of 
printhead 240, distance D4 is approximately 899.6 um 
A column spacing distance on each thin-filmed mem- 
brane 244 is indicated by arrows D5 and represents the 
horizontal distance along the X-axis from the center of 
the primitive 250 on the left of an ink feed slot 243 to the 
center of the primitive 250 on the right of the ink feed 
slot 243. In one example embodiment, the column spac- 
ing distance D5 is approximately 169.3 jim. 
[0039] All of the above distances D1-D5 are imple- 
mentation dependent and very based on specific pa- 
rameters and design choices, and the above example 
values represent suitable values for one exemplary im- 
plementation of printhead die 240. 
[0040] In one example embodiment, where the col- 
umn spacing distance D5 is approximately 169.3 u.m 
and the nozzle column 254 width indicated by D2 is 
1/1200 inch or approximately 21.2 jim, the total width 
across nozzle column 254a, ink feed slot 243a, and noz- 
zle column 254b is approximately .1905 (mm). In this 
embodiment, where distance D1 along the vertical Y ax- 
is is 1 /2400 inch or approximately 1 0.6 um and the noz- 
zles of nozzle column 254a are offset along the Y axis 
by 1/1200 inch or approximately 21 .2 u.m relative to the 
nozzles of nozzle column 254b, the nozzle packing den- 
sity for the nozzles in nozzle columns 254a and 254b 
along ink feed slot 243a including the area of ink feed 
slot 243a is approximately 250 nozzles/mm 2 . As dis- 
cussed in the Background of the Invention section of the 
present specification, conventional inkjet printhead 
technology has allowed the nozzle packing density for 
nozzles fed from one ink feed slot including the area of 
the ink feed slot to only reach approximately 20 nozzles/ 
mm 2 compared with the approximately 250 nozzles/ 
mm 2 achieved in the example embodiment. 
[0041] In the embodiment of printhead die 240 illus- 
trated in Figure 6, primitive 250d is referred to as prim- 
itive 1 and includes resistors 1 , 5, 9, 13, 17, 21, 25, 29, 

33. 37. 41 , and 45. Primitive 250b is referred to as prim- 
itive 2 and includes resistors 2, 6, 10, 14, 18, 22, 26, 30, 

34. 38. 42, and 46. Primitive 250c is referred to as prim- 
itive 3 and includes resistors 3,7, 11, 15, 19, 23, 27, 31 , 
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35. 39. 43, and 47. Primitive 250a is referred to as prim- 
itive 4 and includes resistors 4, 8, 12, 1 6, 20, 24, 28, 32, 

36. 40. 44, and 48. This example resistor numbering and 
primitive numbering is herein referred to as a standard 
orientation representing printhead die 240 with the noz- 
zles 213 facing the viewer with resistor 1 at the top of 
printhead die 240. Thus, in this standard orientation, as 
to the primitives 250 adjacent to right ink feed slot 243b, 
the top right primitive is primitive 1 , the top left primitive 
is primitive 3, the bottom right primitive is 173, and the 
bottom left primitive is primitive 1 75. As to the primitives 
250 adjacent to left ink feed slot 243a, the top right prim- 
itive is primitive 2, the top left primitive is primitive 4, the 
bottom right primitive is primitive 1 74, and the bottom 
left primitive is primitive 176. 

[0042] The firing resistor numbering is such that the 
top firing resistor for the firing resistors adjacent to right 
ink feed slot 243b is resistor 1 , while the bottom firing 
resistor adjacent to right ink feed slot 243b is resistor 
2111 . As to the firing resistors adjacent to left ink feed 
slot 243a, the top firing resistor is resistor 2, while the 
bottom firing resistor is resistor 21 1 2. The firing resistors 
are disposed on each edge of an ink feed slot 243 at a 
vertical spacing of 1/600 inch along the Y-axis. As dis- 
cussed above, the firing resistors on the left side of each 
ink feed slot 243 are offset from the firing resistors on 
the right side of the same ink feed slot 243 by 1/1200 
inch. All of the firing resistors adjacent to the left ink feed 
slot 243a are offset by 1/2400 inch with respect to the 
firing resistors adjacent to the right ink feed slot 243b. 
In an example printing operation by printhead 240, the 
position of ink dots in a vertical line printed from top to 
bottom corresponds to the number of the firing resistor 
which fired the ink dot from dot 1 vat the top to dot 21 1 2 
at the bottom of the vertical line. 
[0043] Cross-talk refers to undesirable fluidic interac- 
tions between neighboring nozzles. Certain aspects of 
the very high density nozzle layout illustrated in Figure 
6 increase cross-talk. First, nozzles 213 within a nozzle 
column 254 are disposed at a high density pitch, such 
as a 600 npi pitch, which places the nozzles 21 3 in clos- 
er proximity then in previous nozzle layout designs. In 
addition, the example printhead 240 is designed to op- 
erate at very high drop rate generation frequencies, 
such as up to 48 Khz in the embodiment having 2112 
total nozzles in the printhead and up to 72 Khz in the 
embodiment having 1 ,21 6 total nozzles in the printhead. 
In these exemplary very high nozzle packing densities 
with a corresponding very high firing frequency, ink flux 
rate and ink refill rates are correspondingly very high. 
The ink feed slot 143/243 design illustrated in Figures 
4, 5, and 6 provides high ink refill rates to the drop gen- 
erators. 

[0044] Conventional inkjet printheads only need to 
consider cross-talk between neighboring nozzles which 
are located in adjacent positions within a nozzle column, 
because nozzle columns are typically separated by suf- 
ficient distance such that nozzles in different nozzle col- 



umns do not interact fluidically. In the very high nozzle 
packing density of inkjet printhead 240, cross-talk po- 
tentially exists between neighboring nozzles, both within 
nozzle columns 254 as well as the nozzle column locat- 

s ed on the opposite side of the adjacent ink feed slot 243 
on the thin-film membrane 244. For example, nozzles 
213 within nozzle columns 254a and 254b are consid- 
ered neighboring nozzles from a cross-talk point of view, 
because these nozzles are both fed ink from left ink feed 

10 slot 243a. In addition, the nozzles213 in nozzlecolumns 
254c and 254d are considered neighboring nozzles 
from a cross-talk point of view, because these nozzles 
are both fed ink from right ink feed slot 243b. 
[0045] A detailed discussion of certain cross-talk 

15 avoidance features which can be implemented in an ex- 
ample printhead 240 are discussed in detail in the 
above-incorporated Patent Application entitled "PRINT- 
HEAD WITH HIGH NOZZLE PACKING DENSITY." One 
of the cross-talk avoidance features is the use of skip 

20 patterns in the address sequence order controlling the 
nozzle firing order of the inkjet printhead 240 so that ad- 
jacent nozzles are not fired consecutively to maximize 
the temporal separation of nozzle firings. In addition to 
this temporal improvement, fluidic isolation can be 

25 achieved by forming peninsulas extending between ad- 
jacent nozzles to further reduce cross-talk. Any suitable 
cross-talk reduction feature implemented in printhead 
240 preferably does not substantially reduce lateral flow 
to the drop generators. Even though there is substantial 

30 ink flow along the length of the ink feed slots 243, print- 
heads 240 having very high nozzle packing densities, 
such as 600 npi or greater, and operating at high fre- 
quencies, such as 18 Khz and higher, need to maintain 
sufficient lateral ink flow to produce the required very 

35 high refill rates. 

[0046] One example suitable skip firing pattern is 
SKIP 4 where every fifth nozzle in a primitive is fired in 
sequence. For example, a sequence of SKIP 4 would 
produce a nozzle firing sequence in primitive 250d 

40 which fires every fifth nozzle to yield 
1 -21 -41 -1 3-33-5-25-45-1 7-37-9-29-1 -21 -etc. 
[0047] The nozzle address is cycled through all M 
nozzle address values to control the nozzle firing order 
so that all nozzles can be fired, but only a single nozzle 

45 j n a primitive is fired at a given time. 

[0048] One example type of printhead includes an ad- 
dress generator and a hard-coded address decoder at 
each nozzle for controlling nozzle firing order. In this 
type of printhead, the nozzle firing sequence can only 

so be modified by changing appropriate metal layers on the 
printhead die. Thus, if a new nozzle firing order is de- 
sired in this type of printhead, the set nozzle firing se- 
quence is modified by changing one or more masks to 
thereby change the metal layers that determine the noz- 

55 zle firing sequence. 

[0049] In one embodiment, the nozzle firing order 
control by the nozzle address is programmable via print- 
head electronics having a programmable nozzle firing 
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order controller which can be programmed to change 
the nozzle firing order in the printhead so that new 
masks do not need to be generated if a new firing order 
is desired. Such an Inkjet printhead with a programma- 
ble nozzle firing order controller is described in detail in 
the above-incorporated Patent Application entitled 
"PROGRAMMABLE NOZZLE FIRING ORDER FOR 
INKJET PRINTHEAD ASSEMBLY." 
[0050] A simplified schematic top view diagram of a 
portion of a printhead 340 is illustrated generally in Fig- 
ure 7. The portion of the printhead 340 illustrated in Fig- 
ure 7 includes three drop generators 341a, 341b, and 
341c. Drop generators 341a-341c respectively include 
nozzle 31 3a and resistor 348a, nozzle 31 3b and resistor 
348b, and nozzle 31 3c and resistor 348c. A ink feed slot 
343 having a inside edge 343a and an outside edge 
343b provides a supply of liquid ink to drop generators 
341a-341c. The portion of printhead 340 illustrated in 
Figure 7 includes ink feed channels 346a, 346b, and 
346c which communicate with ink feed slot 343. Drop 
generators 341a-341c are staggered with respect to a 
vertical axis to thereby have a varying distance from ink 
feed slot inside edge 343a. In the example embodiment 
illustrated in Figure 7, drop generator 341a is located 
furthest from ink feed slot inside edge 343a, and drop 
generator 341c is located the closest to inside edge 
343a. 

[0051] The varying distances of drop generators 
341a-341c from ink feed slot inside edge 343a poten- 
tially create differences in ink flow from the correspond- 
ing ink feed channels 346a-346c to the respective drop 
generators 341a-341c. Ink feed channels 346a-346c 
have varying opening geometry to offset the varying dis- 
tances from the respective drop generators 341a-341c 
to the ink feed slot inside edge 343a. In the simplified 
example embodiment illustrated in Figure 7, drop gen- 
erator 341 a is located the furthest distance from ink feed 
slot inside edge 343a and is correspondingly fed ink via 
ink feed channel 346a having an opening geometry 
width extending perpendicular to the vertical axis away 
from ink feed slot outside edge 343b which is wider than 
the opening geometry widths of ink feed channels 346b 
and 346c. Drop generator 341c is located closest to ink 
feed slot inside edge 343a and is correspondingly fed 
ink via ink feed channel 346c having an opening geom- 
etry width extending perpendicular to the vertical axis 
away from ink feed slot outside edge 343b which is nar- 
rower than the opening geometry widths of ink feed 
channels 346a and 346b. Despite having varying open- 
ing geometry, ink feed channels 346a-346c preferably 
have substantially the same cross-sectional area to 
maintain a substantially constant fluidic pressure drop 
between ink feed slot 343 and the ink feed channels 346. 
[0052] In one embodiment, to promote uniform refill 
rates for all the vaporization chambers of drop genera- 
tors 341 in the vertically staggered drop generator de- 
sign, such as illustrated in Figures 6 and 7, the distanc- 
es, represented respectively by arrows D6a-c and re- 
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ferred to as the ink path length, from the leading edge 
of the ink feed channels 346a-346c to the center of the 
corresponding firing resistors 348a-348c or to the center 
of the corresponding nozzles 313a-313c, are substan- 

s tially constant for all drop generators 341 on printhead 
340. In one embodiment, the cross-sectional area of ink 
feed channels 346 and the ink path lengths represented 
by arrows D6 are both held constant for all inkf eed chan- 
nels in printhead 340. 

w [0053] In one example embodiment, such as illustrat- 
ed in Figu re 7, the rear edges of ink feed channels 346a- 
346c have the same horizontal distance from ink feed 
slot outside edge 343b to improve manufacturability of 
ink feed channels 346. If ink feed channels 346 get to 

is far away from the center of ink feed slot 343, etching 
used to form inkf eed channels 346 washes out at a sub- 
stantially lower rate potentially causing certain ink feed 
channels to never be opened. 
[0054] The above-described design features of print- 

20 head 340 illustrated in Figure 7 enable uniform refill 
rates for staggered, very high nozzle packing density 
designs, such as illustrated in Figure 6. 
[0055] A portion of one embodiment of a printhead 
440 is illustrated in a simplified schematic top view in 

25 Figure 8. Printhead 440 includes a primitive 450 com- 
prising eight drop generators 441a-441h having eight 
corresponding nozzles 41 3a-41 3h. In the illustrated em- 
bodiment of printhead 440, a SKIP 2 firing pattern, 
where every third nozzle 413 in primitive 450 is fired in 

30 sequence, is hard coded in address decoders, as indi- 
cated at each nozzle for controlling nozzle firing order. 
In this example embodiment, the firing sequence corre- 
sponding to nozzles 413a-413h is respectively 
6,3,8,5,2,7,4, and 1 (i.e., the nozzles are fired in the fol- 

35 lowing sequence 41 3h, 41 3e, 413b, 41 3g, 413d, 413a, 
41 3f , and 41 3c). The firing sequence illustrated in Figure 
8 corresponds to a vertically staggered nozzle arrange- 
ment, wherein nozzles 413 are staggered progressively 
closer to an ink feed slot 443 in the order of the firing 

40 sequence such that nozzle 41 3h is the furthest from ink 
feed slot 443; nozzles 41 3e, 413b, 41 3g, 413d, 413a, 
and 41 3f are progressively closer to ink feed slot 443; 
and nozzle 413c is the closest to ink feed slot 443. 
[0056] Pairs of ink feed channels 446a-446h corre- 

45 spond to nozzles 41 3a-41 3h. Nozzles 41 3 further away 
from ink feed slot 443 have corresponding ink feed 
channels 446 with greater widths. Inkfeed channels 446 
corresponding to nozzles 41 3 closer to ink feed slot 443 
have progressively smaller widths, such as described 

so above with reference to Figure 7. Similar to the above 
description with reference to Figure 7, each pair of ink 
feed channels 446 in printhead 440 preferably has the 
following parameters constant for ail ink feed channels 
in printhead 440: the distance from the leading edge of 

55 the ink feed channel to the center of the nozzle (i.e., the 
ink path length); and the cross-sectional area of the ink 
feed channel. 

[0057] In the embodiment illustrated in Figure 8, print- 
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head 440 includes orifice or barrier layer 445, which is 
constructed to group drop generators 441a-441h into 
pairs of drop generators which share ink feed paths, but 
are fluidically isolated on the top of the printhead sub- 
strate from the rest of the drop generators 441 . For ex- 
ample, in primitive 450, drop generators 441 a and 441 b 
are grouped into a first subgroup which share ink feed 
channels 446a and 446b. A vaporization chamber 447a 
is fluidically coupled to an ink feed path 445a formed in 
orifice layer 445 which is fluidically coupled to ink feed 
slot 443 via the pair of ink feed channels 446a. Similarly, 
a vaporization chamber 447b is fluidically coupled to an 
ink feed path 445b formed in orifice layer 445 which is 
fluidically coupled to ink feed slot 443 via the pair of ink 
feed channels 446b. Ink feed paths 445a and 445b are 
also fluidically coupled together, but fluidically isolated 
from other ink feed paths 445c-445h and their corre- 
sponding vaporization chambers 447c-447h. Similarly, 
vaporization chambers 447c and 447d are respectively 
fluidically coupled to ink feed paths 445c and 445d, 
which are fluidically coupled together, but fluidically iso- 
lated from other ink feed paths 445a-445b and 445e- 
445h. Vaporization chambers 447e and 447f are re- 
spectively fluidically coupled to ink feed paths 445e and 
445f, which are fluidically coupled together, but fluidical- 
ly isolated from other ink feed paths 445a-445d and 
445g-445h. Vaporization chambers 447g and 447h are 
respectively fluidically coupled to ink feed paths 445g 
and 445h, which are fluidically coupled together, but flu- 
idically isolated from other ink feed paths 445. 
[0058] The grouping of fluidically isolated sub-groups 
of drop generators 441 is accomplished in an example 
embodiment by forming a sub-surface cavity in orifice 
layer 445 over the thin film layer (not shown in Figure 8) 
so that a sidewall defining the sub-surface cavity en- 
compasses the sub-group of nozzles and shared ink 
feed channels. The sidewall formed in the orifice layer 
445 has a perimeter which extends around the drop gen- 
erators 441 and the ink feed channels 446 of the given 
sub-group. In this way, the nozzles of each sub-group 
are fluidically isolated from nozzles of other sub-groups 
on the top of the substrate (not shown in Figure 8) of 
printhead 440, yet are commonly fluidically coupled to 
the ink feed slot 443 on the bottom of the substrate. 
[0059] In the embodiment illustrated in Figure 8, each 
nozzle 413 is fed ink from its corresponding pair of ink 
feed channels 446 and is also potentially fed ink from 
the pair of ink feed channels 446 corresponding to the 
other nozzle 413 in the given sub-group. In this way, the 
fluidically coupled nozzles 413 provide a degree of par- 
ticle tolerance, because ink feed channels 446 associ- 
ated with a particular nozzle can be blocked, yet refill of 
ink is sustained or supplemented by pulling ink from 
neighboring ink feed channels, allowing the nozzle to 
continue operation. 

[0060] The sub-groups of orifice layer 445 fluidically 
coupled drop generators 441 are arranged in pairs in 
the embodiment of printhead 440 illustrated in Figure 8. 



In other embodiments, drop generators are grouped in 
three's, four's, and even larger sub-groups. In some em- 
bodiments, all of the sub-groups do not have the same 
number of nozzles. 

5 [0061] Another advantage of configuring drop gener- 
ators 441 in sub-groups is that cross-talk can be sub- 
stantially reduced in high nozzle packing density print- 
heads, such as illustrated in Figure 6. Since the only 
connection between non-grouped nozzles 413 outside 

10 a particular sub-grouping is through ink feed slot 443, 
the potential for fluidic interaction with nozzles outside 
a particular sub-group is minimized. Cross-talk between 
nozzles 413 in any particular sub-group is minimized by 
utilizing a skip firing pattern in which drop generators 

15 441 within a sub-group never fire sequentially (e.g., the 
SKIP 2 firing pattern illustrated in Figure 8 never causes 
nozzles within a sub-group to fire sequentially). 
[0062] Some embodiments of printheads according to 
the present invention optimize connection of ink feed 

20 paths by selecting a number of connected vaporization 
chambers as a function of a vertical stagger pattern. For 
example, in a SKIP 0 firing pattern, wherein each nozzle 
in the primitive is fired in sequential order (i.e., 
1-2-3-4-5-6-7-8-1-2- etc.), resulting in adjacent nozzles 

25 firing consecutively an isolated vaporization chamber is 
desirable to reduce cross-talk by fluidically isolating 
neighboring nozzles which fire sequentially. In one op- 
timization technique, refill performance and particle tol- 
erance can be maximized for a design by coupling the 

30 ink feed paths of as many nozzles as possible without 
connecting nozzles that fire sequentially. For printhead 
configurations with uniform skip patterns, the maximum 
number of connected nozzles is equal to the number of 
nozzles skipped between sequential firings plus one. 

35 For example, for a SKIP 0 firing pattern, the maximum 
number of connected ink feed paths is one; for a SKIP 
2 firing pattern, the maximum number of connected ink 
feed paths is three; and for a SKIP 4 firing pattern, the 
maximum number of connected ink feed paths is five. 

40 [0063] For printhead configurations with non-uniform 
skip patterns, the above optimization technique for uni- 
form skip patterns of fluidically isolating sequentially fir- 
ing nozzles while maximizing sharing of ink feed paths 
is employed, but is more complicated to implement, be- 

45 cause the number of nozzles sharing ink feed paths 
needs to be reduced in some locations. 
[0064] As illustrated in Figures 2, 4, and 5 ink feed 
channels 46 and 146 are respectively defined entirely 
by thin-film layers 44 and 144. In these embodiments, 

so ink feed channels 46/146 are formed by etching (e.g., 
plasma etching) through thin-film layers 44/144. In one 
example embodiment, a single ink feed channel mask 
is employed and in another embodiment several mask- 
ing and etching steps are employed to form the various 

55 thin-film layers. 

[0065] In these embodiments where ink feed chan- 
nels 46/146 are entirely defined by thin-film layers 
44/144, the ink feed channels are formed by a thin-film 
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patterning process which provides the capability for 
forming small and very accurately placed ink feed chan- 
nels. These small and very accurately placed ink feed 
channels 46/146 being defined in the thin-film layers 
44/1 44 allows for precise tuning of hydraulic diameters 5 
of the ink feed channels and distances from the ink feed 
channels to the associated firing resistors 48/148. The 
hydraulic diameter of an ink feed channel is herein de- 
fined as the ratio of the cross-sectional area of the ink 
feed channel opening to its wetted perimeter defined by 10 
the wall of the ink feed channel Forming ink feed chan- 
nels by etching through silicon, such as used to form 
silicon substrate 42/142, does not provide such accu- 
rately formed and accurately placed ink feed channels. 
[0066] A portion of one embodiment of a printhead 15 
540 is illustrated schematically in Figures 9-11 , wherein 
Figure 9 is a top view, Figure 1 0 is a cross-sectional side 
view taken along lines 10-10 from Figure 9, and Figure 
11 is a bottom view of printhead 540. Printhead 540 in- 
cludes a drop ejection element or drop generator 541 . 20 
Drop generator 541 is formed on a substrate 542 which 
has an ink feed slot 543 formed therein. Ink feed slot 
543 provides a supply of ink to drop generators 541 . 
Printhead 540 includes a thin-film structure 544 on top 
of substrate 542. Printhead 540 includes an orifice layer 25 

545 on top of thin-film structure 544 and substrate 542. 
[0067] Each drop generator 541 includes a nozzle 
513, a vaporization chamber 547, and a firing resistor 
548. 

[0068] Thin-film structure544 has an inkfeed channel 30 
thin-film wall 544a formed therein which defines a first 
portion of an ink feed channel 546. Orifice layer 545 has 
nozzles 513 formed therein. Orifice layer 545 has va- 
porization chamber 547 formed therein and defined by 
vaporization chamber orifice layer walls 545a. Vapori- 35 
zation chamber 547 communicates with nozzles 513 
and ink feed channel 546. Orifice layer 545 includes ink 
feed channel orifice layer walls 545b which define a sec- 
ond portion of ink feed channel 546 not defined by ink 
feed channel thin-film wall 544a. The ink feed channel 40 

546 formed with thin-film structure 544 and orifice layer 
545 and defined by ink feed channel thin-film wall 544a 
and inkfeed channel orifice layer walls 545b communi- 
cates with ink feed slot 543 formed in substrate 542. 
[0069] Firing resistor 548 is positioned within vapori- 45 
zation chamber 547. Leads 549 electrically couple firing 
resistor 548 to circuitry controlling the application of 
electrical current through selected firing resistors. Dur- 
ing printing, ink flows from ink feed slot 543 to vaporiza- 
tion chamber 547 via ink feed channel 546 formed with so 
thin-film structure 544 and orifice layer 545. Each nozzle 

51 3 is operatively associated with a corresponding firing 
resistor 548, such that droplets of ink within vaporization 
chamber 547 are ejected through the selected nozzle 
51 3 (e.g., normal to the plane of the corresponding firing 55 
resistor 548) and toward a print medium upon energiza- 
tion of the selected firing resistor 548. 
[0070] Thin-film structure 544 is also herein referred 
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to as a thin-film membrane 544. Thus, the inkfeed chan- 
nel 546 is referred to as a partial membrane defined ink 
feed channel, because ink feed channel 546 is defined 
by the thin-film membrane 544 and the orifice layer 545. 
In one embodiment, orifice layer 545 is fabricated using 
a spun-on epoxy referred to as SU8, marketed by Mi- 
cor-Chem, Newton, MA. When orifice layer 545 is 
formed from SU8 or similar polymers, the ink feed chan- 
nel 546 formed from thin-film membrane 544 and orifice 
layer 545 can provide the capability of forming even 
smaller and even more accurately placed ink feed chan- 
nels than possible by forming ink feed channels entirely 
by a thin-film patterning process, such as described 
above for the inkfeed channels 46 and 146 respectively 
defined entirely by thin-film layers 44 and 144 and illus- 
trated in Figures 2, 4, and 5. These even smaller and 
more accurately placed ink feed channels 546 being de- 
fined in the partial thin-film membrane 544 and the SU8 
or other polymer orifice layer 545 allow for even more 
precise tuning of hydraulic diameters of the ink feed 
channels 546 and the distances from the ink feed chan- 
nels to the associated firing resistors 548. 
[0071] The above-described very high nozzle packing 
densities and the printhead electronics described in the 
above-incorporated Patent Application entitled "INKJET 
PRINTHEAD ASSEMBLY HAVING VERY HIGH DROP 
RATE GENERATION" enable a high-drop generator 
count printhead with at least 400 drop generators and a 
primitive to address ratio of at least 10 to 1 . A primitive 
to address ratio of at least 10 to 1 enables operating 
frequencies of at least 20 Khz with the ability to generate 
at least 20 million drops of ink per second. 
[0072] In the exemplary embodiment of printhead 240 
illustrated in Figure 6, printhead 240 includes 21 12 drop 
generators and can operate up to 48 Khz. In another 
example embodiment, printhead 240 includes 1216 
drop generators and can operate up to a frequency of 
72 Khz. In the 2112 drop generator embodiment, oper- 
ating at up to approximately 48 Khz, there are 1 76 prim- 
itives and 12 address values yielding a primitive to ad- 
dress ratio of approximately 14.7 for a total of 1 88 com- 
bined count of primitives and addresses. In the 1216 
drop generator embodiment, operating up to approxi- 
mately 72 Khz, there are 152 primitives and eight ad- 
dress values yielding a primitive to address ratio of ap- 
proximately 1 9 to 1 for a total of 1 60 combined count of 
primitives and addresses. 

[0073] Although specific embodiments have been il- 
lustrated and described herein for purposes of descrip- 
tion of the preferred embodiment, it will be appreciated 
by those of ordinary skill in the art that a wide variety of 
alternate and/or equivalent implementations calculated 
to achieve the same purposes may be substituted for 
the specific embodiments shown and described without 
departing from the scope of the present invention. 
Those with skill in the chemical, mechanical, electro- 
mechanical, electrical, and computer arts will readily ap- 
preciate that the present invention may be implemented 
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in a very wide variety of embodiments. This application 
is intended to cover any adaptations or variations of the 
preferred embodiments discussed herein. Therefore, it 
is manifestly intended that this invention be limited only 
by the claims and the equivalents thereof. 



generators. 

The inkjet printhead of claim 1 wherein nozzles 
within the first column of drop generators are verti- 
cally offset from nozzles within the second column 
of drop generators. 



Claims 

1 . An inkjet printhead (40/1 40/240/340/440/540) com- 
prising: 

a substrate (42/142/242/542) having a first ink 
feed slot (43/143/243/343/443/543) formed in 
the substrate, wherein the first ink feed slot has 
a first side and second side along a vertical 
length of the first ink feed slot; 
a first column of drop generators (254a) formed 
along the first side of the first ink feed slot; and 
a second column of drop generators (254b) 
formed along the second side of the first ink 
feed slot, wherein each drop generator 
(41/141/341/441/541) in the first and second 
columns of drop generators includes a nozzle 
(13/113/213/313/413/513), and wherein a noz- 
zle packing density for nozzles in the first and 
second columns of drop generators including 
the area of the first ink feed slot is at least ap- 
proximately 100 nozzles per square millimeter 
(mm 2 ). 

2. The inkjet printhead of claim 1 wherein the nozzle 
packing density is at least approximately 250 noz- 
zles per mm 2 . 

3. The printhead of claim 1 wherein the printhead com- 
prises at least 400 drop generators. 

4. The inkjet printhead of claim 1 further comprising: 

a second ink feed slot formed in the substrate, 
wherein the second ink feed slot has a first side 
and second side along a vertical length of the 
second ink feed slot; 

a third column of drop generators formed along 
the first side of the second ink feed slot; and 
a fourth column of drop generators formed 
along the second side of the second ink feed 
slot, wherein each drop generator in the third 
and fourth columns of drop generators includes 
a nozzle, and wherein a nozzle packing density 
for nozzles in the third and fourth columns of 
drop generators including the area of the sec- 
ond ink feed slot is at least approximately 1 00 
nozzles per square millimeter (mm 2 ) wherein 
nozzles within the first and second columns of 
drop generators are vertically offset from noz- 
zles within the third and fourth columns of drop 



6. The inkjet printhead of claim 1 wherein the nozzles 
within each column of drop generators are stag- 

w gered horizontally along a scan axis. 

7. The inkjet printhead of claim 1 further comprising: 

ink feed channels, wherein at least one ink feed 
'5 channel is f luidically coupled to each drop gen- 

erator and is fluidically coupled to the first ink 
feed slot; and 

wherein the first ink feed slot has an inside 
20 edge, the first columns of drop generators have var- 
ying distances from the inside edge, and the ink 
feed channels have varying opening geometries to 
offset the varying distances. 

25 8. The inkjet printhead of claim 7 wherein the ink feed 
channels have substantially constant cross-sec- 
tional areas. 

9. The inkjet printhead of claim 7 wherein the ink feed 
30 channels each include a leading edge and a dis- 
tance from the leading edge to a center of a corre- 
sponding nozzle is substantially constant for each 
of the drop generators. 

35 1 o. The inkjet printhead of claim 1 wherein the first col- 
umn of drop generators is arranged in subgroups, 
wherein each subgroup is fluidically isolated from 
other subgroups on a top of the substrate but the 
subgroups are commonly fluidically coupled to the 

40 first ink feed slot on a bottom of the substrate. 

11. The inkjet printhead of claim 10 wherein the sub- 
groups are arranged to minimize fluidic cross-talk 
between nozzles if the drop generators within asub- 

45 group never fire sequentially. 

12. The inkjet printhead of claim 10 further comprising: 

an orifice layer supported by the substrate, de- 
50 fining the nozzles and vaporization chambers 

in the drop generators, and fluidically isolating 
each subgroup of drop generators from other 
subgroups on the top of the substrate. 

55 13. The inkjet printhead of claim 1 further comprising: 

wherein the drop generators each include a va- 
porization chamber; 
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ink feed channels, wherein at least one ink feed 
channel is fluidically coupled to each vaporiza- 
tion chamber and is fluidically coupled to the 
first ink feed slot; 

a thin-film structure supported by the substrate 
and defining each ink feed channel; and 
an orifice layer supported by the substrate and 
defining the nozzles and the vaporization 
chambers in the drop generators. 

14. The inkjet printhead of claim 1 further comprising: 

wherein the drop generators each include a va- 
porization chamber; 

ink feed channels, wherein at least one ink feed 
channel is fluidically coupled to each vaporiza- 
tion chamber and is fluidically coupled to the 
first ink feed slot; 

a thin-film structure supported by the substrate 
and defining a first portion of each ink feed 
channel; and 

an orifice layer supported by the substrate, de- 
fining the nozzles and the vaporization cham- 
bers in the drop generators, and defining a sec- 
ond portion of each ink feed channel. 

15. A method of forming an inkjet printhead 
(40/140/240/340/440/540) on a substrate 
(42/142/244/542), the method comprising: 

forming a first ink feed slot 
(43/143/243/343/443/543) in the substrate, 
wherein the first ink feed slot has a first side and 
second side along a vertical length of the first 
ink feed slot; 

forming a first column of drop generators (254a) 
on the substrate along the first side of the first 
ink feed slot including forming a nozzle 
(13/113/213/313/413/513) in each drop gener- 
ator (41/141/341/441/541); and 
forming a second column of drop generators 
(254b) on the substrate along the second side 
of the first ink feed slot including forming a noz- 
zle in each drop generator, wherein a nozzle 
packing density for nozzles in the first and sec- 
ond columns of drop generators including the 
area of the first ink feed slot is at least approx- 
imately 100 nozzles per square millimeter 
(mm 2 ). 

16. The method of claim 1 5 wherein the nozzle packing 
density is at least approximately 250 nozzles per 
mm 2 . 

17. The method of claim 15 further comprising: 

forming a second ink feed slot in the substrate, 
wherein the second ink feed slot has a first side 
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and second side along a vertical length of the 
second ink feed slot; 

forming a third column of drop generators on 
the substrate along the first side of the second 
ink feed slot including forming a nozzle in each 
drop generator; and 

forming a fourth column of drop generators on 
the substrate along the second side of the sec- 
ond ink feed slot including forming a nozzle in 
each drop generator, wherein a nozzle packing 
density for nozzles in the third and fourth col- 
umns of drop generators including the area of 
the second ink feed slot is at least approximate- 
ly 100 nozzles per square millimeter (mm 2 ) 
wherein nozzles formed within the first and sec- 
ond columns of drop generators are vertically 
offset from nozzles formed within the third and 
fourth columns of drop generators. 

18. The method of claim 15 wherein nozzles formed 
within the first column of drop generators are verti- 
cally offset from nozzles formed within the second 
column of drop generators. 

1 9. The method of claim 1 5 wherein the nozzles formed 
within each column of drop generators are stag- 
gered horizontally along a scan axis. 

20. The method of claim 15 further comprising: 

forming ink feed channels including forming at 
least one ink feed channel fluidically coupled to 
each drop generator and fluidically coupled to 
the first ink feed slot; 

wherein forming the first ink feed slot in the 
substrate includes defining an inside edge of the 
first ink feed slot; 

wherein the first columns of drop generators 
are formed to have varying distances from the in- 
side edge; and 

wherein the ink feed channels are formed to 
have varying opening geometries to offset the var- 
ying distances. 

21 . The method of claim 20 wherein the ink feed chan- 
nels are formed to have substantially constant 
cross-sectional areas. 

22. The method of claim 20 wherein forming the ink 
feed channels includes defining a leading edge in 
each of the ink feed channels, wherein a distance 
from the leading edge of each of the ink feed chan- 
nels to a center of a corresponding nozzle is sub- 
stantially constant for each of the drop generators. 

23. The method of claim 15 wherein forming the first 
column of drop generators on the substrate in- 
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etudes arranging the drop generators into sub- 
groups including fluidically isolating each subgroup 
from other subgroups on a top of the substrate and 
f luidically coupling the subgroups to the first in k feed 
slot on a bottom of the substrate. s 

24. The method of claim 23 wherein arranging the drop 
generators into subgroups minimizes fluidic cross- 
talk between nozzles if the drop generators within 

a subgroup never fire sequentially. 10 

25. The method of claim 24 further comprising: 

forming an orifice layer supported by the sub- 
strate which includes: is 

forming the nozzles in the drop generators; 
defining vaporization chambers in the drop 
generators; and 

fluidically isolating each subgroup of drop 20 
generators from other subgroups on the 
top of the substrate. 

26. The method of claim 15 further comprising: 

25 

forming a thin-film structure on the substrate in- 
cluding defining each of a plurality of ink feed 
channels fluidically coupled to the first ink feed 
slot; and 

forming an orifice layer on the substrate includ- 30 
ing defining the nozzles and vaporization 
chambers in the drop generators, wherein each 
vaporization chamber is fluidically coupled to at 
least one ink feed channel. 

35 

27. The method of claim 15 further comprising: 

forming a thin-film structure on the substrate in- 
cluding defining a first portion of each of a plu- 
rality of ink feed channels fluidically coupled to 40 
the first ink feed slot; and 
forming an orifice layer on the substrate includ- 
ing defining the nozzles and vaporization 
chambers in the drop generators, and defining 
a second portion of each of the plurality of ink 45 
feed channels fluidically coupled to the ink feed 
slot, wherein at least one ink feed channel is 
fluidically coupled to each vaporization cham- 
ber. 

50 

28. The method of claim 1 5 wherein forming the first ink 
feed slot in the substrate includes dry etching the 
first ink feed slot in the substrate. 
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nozzles in the first and second columns of drop gener- 
ators including the area of the ink feed slot is at least 
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